Identifying the nucleus with DAPI
The nuclear counterstain 4'-6-Diamidino-2-phenylindole (DAPI) is used to identify the localization of the mRNA's as either cytoplasmic or nuclear and to measure the volume of the nucleus. To check how well the DAPI staining confines the nucleus, we compare DAPI staining with a mCherry tagged nuclear lamina protein (LMNB). Cells were transiently transfected with Lipofectamin 2000, the ratio of lipofectamin to DNA was 2.5, according to the manufacturer instructions. Images were acquired using 402.1 nm and 591.5 nm lasers for excitation and detection was via a 450-50 nm band pass and 605 nm long pass filters, respectively (Supplemental Figure S1 ). Supplemental Figure S1 : Lamina staining confirms that DAPI reliably distinguishes the nuclear boundary. Overall the DAPI staining (Blue signal) coincides with the lamin staining (Red signal), as can be seen by the profile above the microscopy images. Images are one single z-slice. The profiles show that at the lamin (red signal) the dapi staining (blue line) increases or decreases rapidly.
Experimental variation and statistics
Each single imaging session spanned several hours. Supplemental Figure S3 shows that there is no systematic increase or decrease in spot count during the course of imaging. The two smallest samples in cell clone I (Supplemental Figure 3 ; red lines) show the strongest decrease over time. For each cell clone multiple experiments were performed to obtain reliable amounts of mRNA numbers and cell volume measurements. The data collected on different days are shown in Supplemental Figure S4 . There is no indication that the individual samples of Cell clone II Supplemental Figure S2 : Imaging examples of the single cell analyses (A) Identified mRNA spots (yellow circles) projected on a LoG-filtered image merged over the z-axis. The probe targeting the mRNA molecules is shown in red. (B) Raw image from within the cell. In addition to the mRNA probe, the computationally identified cell border is shown in white. Supplemental Movie 1 shows the whole cell raw data. (C) 3D reconstruction of the whole cell. The nuclear boundary is shown in blue, the cell boundary in green and the mRNA molecules in red. See also Supplemental Movie 2 and 3. (D) Raw images merged over the z-axis with the identified spots annotated by green circles.
(p = 0.52) and Cell clone III (p = 0.16) are not drawn from the same distribution. There is higher variation present between the individual samples of Cell clone I (p=3 10 −7 ), p-values are obtained by Kruskal-Wallis tests. This larger variation in Cell clone I experiments might be due to the longer cell culturing period during sample acquisition and is negatively influenced by the two smallest samples, of which the mRNA count decreased over time. To test whether the different clones have different mRNA number characteristics we performed an ANOVA and compared the statistics of the three clones based on the data of the individual experiments, the mean (p < 0.0001), the coefficient of variation (p < 0.031), the noise (p < 0.05), and the Fano factor (p < 0.04). For the mRNA concentration data similar results are obtained; the mean (p < 0.0001), the coefficient of variation (p < 0.013), the noise (p < 0.016). The volume distributions (Supplemental Figure ?? ) of the different clones are expected to be the same since the cells differ only in the integration site of the construct. We tested wether the sample means of the different clones originate from the same distribution with ANOVA. (V ; p = 0.65, V N ; p = 0.12, V C ; p = 0.24). For all additional analysis we pooled the individual experiments, as already shown in Supplemental Figure S5 . Figure S3 : Confirmation of the absence of scan time bias in the mRNA count. Overall we observe no influence of the acquisition time on the identified number of mRNA spots in the images. The two smallest samples (marked in red) show a decrease in the number of identified mRNA molecules over time, these samples were considered when analysing the dataset.
3 The law of total variance for the mRNA numbers and concentrations of mRNA
Law of total variance explained
The law of total variance can be derived from the definition of the variance, var(m) = m 2 − m 2 , and the law of total expectation, m = m|V .
We can do the same for the concentration of mRNA (c) and arrive at: In this equation, var(c|V ) is the mean of the variance at fixed V. The second term, var( c|V ), is the variance of the conditional means and represents the variance caused by the change in V (Supplemental Figure S6 ).
Deriving
var( m|V ) m 2 = var(V ) V 2 in
case of homeostasis
Homeostasis requires that the average mRNA number per cell at a given volume, i.e. m|V scales linearly with the volume, i.e. m|V = αV . As a consequence, we obtain that m = m|V V = α V and var( m|V ) = var(αV ) = α 2 var(V ). This means that in case of perfect 5 homeostasis:
In the next section we will derive that 


Estimation of a lower bound for
assuming steady-state exponential growth of the cells
Here we estimate the noise in the volume distribution for an idealized model of cell division. We assume that cells divide at fixed intervals T and divide into exactly equal halves. Furthermore we assume that the volume is a deterministic function of cell age (denoted by a): V = V (a) = V 0 e µa with µ as the specific (exponential) growth rate. The daughter cell volume equals V (0) = V 0 and the mother volume at division equals V (T ) = 2V 0 . Hence, 0 ≤ a ≤ T with T = ln 2/µ. At balanced growth, the distribution of cell ages for this model is described by a so-called ideal age distribution [1] equal to
The probability distribution of volumes, g(V ), can be derived directly from the age distribution using the change of variable technique:
The noise in this distribution is given by:
This distribution is shown in Supplemental Figure S7 . The assumption of deterministic interdivision times leads to the unrealistic discontinuous definition of the distribution function. A better fit to the experimentally observed distributions is obtained when the volumes at which cells divide (and those of newborn cells) are allowed to have some variation around the mean value. With scaled, symmetric beta distributions for the cell volume at cell birth and division, each with CV = 0.1 a much better fit to the experimental data is obtained (see Supplemental Figure S7 ). In this case, the distribution of volumes can be obtained from the equations deduced by Collins and Richmond [2] and the corresponding cell age and inter division time distributions can be derived as well [3] , resulting in a coefficient of variation of 20% for the interdivision time distribution.
General relation between
var(c|V ) c 2 and
As explained in the main text we found from the experimental data that mRNA concentration and mRNA number noise differ. In this section we will derive a relation between
. The concentration is defined as c = m V , which leads to the following additional relations,
covariance between the squared inverse volume and the conditional mRNA number variance (10) 
The relation used to go from the second to the third equation is αβ = α β + σ 2 (α, β) with σ 2 (α, β) as the covariance between the random variables α and β. 
in case of homeostasis
In case of homeostasis we can simplify equation 11. Homeostasis means that m|V scales proportional with V and, as a consequence, that the concentration is independent of volume and fixed: c|V = α. Thus, m|V = αV and c|V = m|V /V . First we will show that under these homeostasis conditions m/V 2 = m 2 / V 2 . The definition of homeostasis implies,
Averaging this equation over volume leads to the relation m = α V . Averaging c|V over the whole volume distribution gives:
Hence, in case of homeostasis 
Equation S14 was used in the main text. 
from volume scaling relations
To estimate the magnitude of the covariance term in equation 14 we approximate var(m|V ) as a polynomial in V as this scaling is also observed in our data (Supplemental Figure S10) .
Averaging this equation over the volume gives,
Using the volume distribution, g(V ) we can calculate the covariance between var(m|V ) and 1/V 2 :
Combining equations 14, 16 and 17 yields:
where the approximated values are calculated using the volume distribution (eq. 6):
With the experimental volume distribution (calculated based on the pooled volume data from all three clones) these values become:
On basis of the theory we can distinguish three regimes: Our data do not distinguish between a linear and a quadratic dependence of the conditional mRNA number variance on volume, both regimes give decent fits (Supplemental Figure S10) . Hence, a discrepancy between Table 1 , main text); i.e. for cell clone I, II and III we find respectively 0%, 2% and 4.8% difference, which agrees very well with the theoretical estimates for this discrepancy to lie between ±4%. However, the noise in mRNA number and concentration show a larger discrepancy, i.e. of 36% ((0.204−0.149)/0.149×100%), 33% ((0.208−0.156)/0.156×100%), and 45% ((0.148−0.102)/0.102×100%) for cell clone I, II and III, respectively. These differences are due to the scaling of the mRNA number with cell volume due to the steady-state growth of the cells.
Average mRNA numbers correlate well with protein expression
The GFP-protein expression levels of the integrated construct are compared to the GFP-mRNA number expression. The protein expression levels of the clones originate from Gierman et. al. [4] . As expected higher mean mRNA numbers correspond to higher protein levels ( fig. S8 ). 
Volume dependencies within the data
The single cell data of the cell volume and the mRNA numbers is shown in Figure S9 . This shows a positive correlation of the mRNA numbers with cell volume as shown by the proportionality of the cell volume with the conditional mean of the mRNA number ( (m|V ) ). The conditional variances of m and c as a function of volume are given in Supplemental Figure S10 . The decomposition of averages and variances as function of volume for the nucleus and cytoplasm of the mRNA numbers (Supplemental Figure S11) show similar proportionality as observed for the whole cell data. Homeostasis of mRNA concentrations is also observed at the nuclear (Supplemental Figure S12A ) and cytoplasmic level (Supplemental Figure S12C) . 
